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Abstract
Ego depletion refers to decrements in self-control performance resulting from prior use of
self-control. The ego depletion effect has received much research attention, but the more
recent literature reports small or null effects. This registered report examined the
moderating effect of task similarity on the ego depletion effect. We predicted a crossover
interaction between type of primary and secondary task such that engaging in a demanding
self-control task should lead to better performance in the secondary task when it is similar
to the primary task (facilitation effect) but worse performance when it is dissimilar (ego
depletion). In a preregistered pilot study, N = 80 participants first completed either a
visual stop-signal task (SST) or a simple lexical categorization task. They proceeded with
one of four tasks classified as increasingly dissimilar based on their underlying operations
and executive functions: (1) auditory stop-signal task, (2) Stroop task, (3) Eriksen flanker
task, and (4) unsolvable anagrams. Both the pilot study and a high-powered registered
replication (N = 300) revealed the predicted interaction effect. However, evidence for
facilitation from similar tasks was stronger than evidence for depletion from dissimilar
tasks. Together, these findings highlight the important role of task similarity for the study
of ego depletion and related phenomena.
Keywords: self-control, ego depletion, facilitation, dual-task paradigm, task
similarity, inhibition
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The role of task similarity for ego depletion: a registered report
Does exercising self-control in one task impair self-control in a second, unrelated
task? The possibility of such ego depletion effects has occupied social psychologists since
the first demonstration by Baumeister et al. (1998). Despite the intuitive validity and
numerous empirical confirmations using a sequential-task paradigm (Hagger et al., 2010),
the effect has recently been challenged on multiple grounds, most notably publication bias
(Evan C. Carter & McCullough, 2013; Evan C. Carter & McCullough, 2014) and repeated
failures of replication (Hagger et al., 2016; Lurquin & Miyake, 2017; Osgood, 2017; Xu et
al., 2014). In addition, recent theoretical reviews have pointed out the lack of a clear
operational definition and, more importantly, a theoretical and functional link between the
respective definition and the selection of tasks used to study the effect (Friese et al., 2019;
Lurquin & Miyake, 2017). Thus, research on ego depletion would benefit from a more
systematic conceptual analysis of the relationship between the two tasks used in the
sequential-task paradigm. We developed a taxonomy of self-control tasks that might be
useful in determining the similarity between such tasks. More importantly, based on this
taxonomy, we propose a new design to test the hypothesis that gradations of similarity
would be related to ego depletion effect sizes.
We build on the recent notion that if two tasks require the use of the same cognitive
function, performance may improve rather than decline through cognitive adaptation
(Dang et al., 2014). This proposition was derived from conflict adaptation theories, which
deal with the recruitment of control processes and the adaptation of the human cognitive
system to specific task demands (see Braem et al., 2014, for a review). Conflict monitoring
theory (Botvinick et al., 2001), for instance, suggests that when a person is engaged in a
task requiring cognitive control, performance is supported by adjustments in perceptual
selection, response biasing, and on-line maintenance of contextual information. In other
words, the cognitive system adjusts itself to the current task-specific demands, becoming
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more autonomous as it adapts. An example of such adjustment in cognitive control is the
finding that Stroop interference effects tend to be low if the frequency of incongruent trials
is high (Lindsay & Jacoby, 1994; Logan & Zbrodoff, 1979). The theory posits that such
cognitive control selection and adjustment processes are recruited by a conflict monitoring
system governed by the anterior cingulate cortex (ACC). Higher ACC activation predicts,
for example, more focused responding and thus better performance in the Stroop task
(Botvinick et al., 2004).
Arguably, most of these findings have been observed and studied on a trial-by-trial
basis so that one may legitimately wonder whether such adaptation effects carry over from
one task to another in the dual-task paradigm. Recent work on proactive control suggests
that this may indeed be possible (e.g., Braver, 2012; Egner, 2014; Verbruggen, 2016). The
key insight is that the adjustment of cognitive control to longer timescales is cognitively
abstracted and can be maintained to facilitate control in a different but similar task. There
is also empirical support for such proactive control mechanisms across longer timescales.
For example, Gonthier et al. (2016) showed that the aforementioned effects of the relative
frequency of incongruent trials in the Stroop paradigm can be attributed to proactive
control processes. Furthermore, recent evidence suggests that, when context-dependent
task features remain constant, the activation of inhibitory control processes can also
improve performance over an entire task (Samrani et al., 2018) or across variations of task
blocks (Surrey et al., 2017; Torres-Quesada et al., 2013). Taken together, there is
theoretical and empirical support for the assumption that cognitive adaptation might
contribute to improved performance in the secondary task of the dual-task paradigm,
especially when both tasks are similar.
Indeed, previous work by Dewitte and colleagues supports such effects in the
context of ego depletion (Dang et al., 2013; Dewitte et al., 2009; Xiao et al., 2014). They
suggest that cognitive adjustment to specific task demands may result in reduced flexibility
with regard to new tasks that usually require different control processes. From this
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perspective, ego depletion effects may be the result of prior activation of task-specific
control processes lingering on and interfering with the adaptation to the new task and its
specific demands (Dang et al., 2013), akin to cognitive “switch costs” (Kiesel et al., 2010).
On the other hand, if task demands and the required control processes remain similar from
one task to another, prior adjustment should facilitate rather than hinder performance on a
subsequent task. In other words, given that both tasks in a sequential-task paradigm
require self-control, there should be a certain overlap in the required cognitive functions.
Thus, on top of the process leading to ego depletion, there may be a process leading to
better performance in the second task. This latter process should vary in strength
depending on the similarity between the first task and the second task.
In line with this reasoning, across three studies, Dewitte et al. (2009) found ego
depletion effects with dissimilar tasks and enhanced self-control performance with similar
tasks. For example, in one study they showed that participants were more successful in
completing a response reversal task after first completing a similar response reversal task
rather than a thought suppression task (Study 1). Similarly, participants were more likely
to choose a high self-control option in hypothetical scenarios, when two successive scenarios
included the control of similar experience (impulsivity vs. impatience; Study 3). Further, as
part of a different set of studies, participants were repeatedly found to perform worse on a
secondary task that was dissimilar from the primary task and required flexible response
adaptation. In contrast, if the secondary task was similar to the primary task and stable
with regard to the required cognitive response, participants performed better (Wenzel et
al., 2013, 2014).
Nevertheless, some studies have also reported depletion effects within the same or
similar tasks, which may question the proposed idea. Perhaps most notable are studies
from the field of mental fatigue, which have consistently found performance decrements in
mentally demanding tasks (e.g., Boksem & Tops, 2008; Brewer et al., 2017; Kato et al.,
2009; Lorist et al., 2005). However, while the exact relationship between mental fatigue
EGO DEPLETION AND TASK SIMILARITY 7
and ego depletion remains an ongoing and unresolved issue (Pattyn et al., 2018), there are
at least two important differences between the two frameworks. That is, in contrast to the
bulk of ego depletion studies, mental fatigue studies generally employ tasks that are much
longer in terms of task duration and much simpler in terms of the cognitive processes they
require (Giboin & Wolff, 2019). While continuous performance in these tasks is inevitably
linked to motivational impairment (e.g., Boksem et al., 2006; Boksem & Tops, 2008; Brewer
et al., 2017; Herlambang et al., 2019), task characteristics do usually not allow for cognitive
improvement. For example, the psychomotor vigilance task used by Brewer et al. (2017)
required participants to simply react to the start of a digital counter as fast as possible.
Thus, apart from sustained attention, the task did not involve any cognitive processes that
would have allowed for notable improvement or facilitation through prior activation.
In sum, a number of previous results provide evidence of facilitation effects
occurring between self-control tasks, which stands in contrast to the general ego depletion
hypothesis. This effect seems to be particularly pronounced when the underlying cognitive
processes associated with the tasks overlap, suggesting a moderating role of task similarity
for ego depletion. Simply put, ego depletion may be more likely to occur between dissimilar
rather than similar tasks (Chatzisarantis & Hagger, 2015; but see Lange, 2015), whereas
facilitation effects may be more likely to occur between similar tasks, counteracting any
potential ego depletion effect. In view of the fact that hardly any study has taken the
potentially crucial role of task similarity into account when applying a sequential-task
paradigm, more direct evidence of such an effect would substantially advance research on
ego depletion by providing one potential explanation for the current inconsistencies in the
field and further improving the paradigm. More specifically, it could explain why most
original studies run before the replication crisis are the ones that most consistently found
depletion effects (cf., Vadillo, 2019), as they generally employed quite different and (often
behavioral) domain-independent tasks. In contrast, most recent replication studies, which
found small or no effects, have predominantly used computerized tasks that are rather
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similar (or at least insufficiently dissimilar) with regard to the required underlying
cognitive functions (e.g., Hagger et al., 2016; Lurquin & Miyake, 2017; Xu et al., 2014).
The primary goal of the current research was to extend the reported findings on the
relationship between task similarity and the ego depletion effect by examining and taking
into account the associated cognitive processes more directly. To this end, we first derived
a taxonomy of self-control tasks that vary in similarity on the basis of their underlying
cognitive processes. This should ultimately increase our a priori knowledge of when to
expect larger, smaller, or even reversed ego depletion (i.e., facilitation) effects. We present
preliminary findings from a pilot study that support our taxonomy and our related
predictions. On this ground, the final aim of this registered report was a high-powered test
of our hypothesis:
Hypothesis: Ego depletion effect sizes should be linearly related to gradations
of task similarity, with the strongest ego depletion effects occurring at low levels
of similarity and the strongest facilitation effects occurring at high levels of
similarity.
A taxonomy of self-control tasks
A first classification of self-control tasks has been proposed and investigated by
Hagger et al. (2010) in their prominent meta-analysis. Importantly, the authors examined
whether studies employing self-control tasks that were matched with regard to their
suggested classification presented different results than studies with unmatched tasks. In
line with a global resource account of self-control suggesting a domain independency for
ego depletion, the analysis showed virtually the same effects for matched and unmatched
tasks. It is important to note, however, that the suggested categorization, on which the
matching of depleting and dependent tasks was based, is highly generic and based solely on
task context and/or specific task features. For example, any cognitive inhibition task (e.g.,
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Stroop and flanker task) was classified as “impulse control task,” irrespective of their
underlying functional processes (cf. Friedman & Miyake, 2004). Moreover, this same
category further included tasks such as letter-crossing, food taste perception, resistance to
tempting food, the handgrip task, or several persistence tasks. In short, these broad
categories do not allow for a more fine-grained differentiation and analysis of self-control
tasks that take into account specific task demands (e.g., inhibiting vs. initiating actions) or
their underlying cognitive processes.
In order to fill this gap, we derived a taxonomy that infers task similarity from the
level of transferability of executive functions between two tasks (Enriquez-Geppert et al.,
2013). Accordingly, we distinguish the transfer between (1) identical tasks with different
stimuli (modality transfer), (2) tasks targeting the same domain/function (near transfer),
(3) tasks targeting different domains/functions (far transfer), and (4) tasks targeting
different contexts (meta-cognitive transfer). In order to classify tasks as involving the same
or different functions, we assume that self-control refers to the processes involved in
“overcoming immediate reactions in favor of a longer-term goal (or task)” (Wilkowski &
Robinson, 2016, p. 302). This requires the down-regulation of undesirable responses
(inhibition) and/or the up-regulation of desirable responses (initiation/persistence).
Assuming that these core functions reflect two distinct cognitive factors of self-control
(Maloney et al., 2012; Ridder et al., 2012), transfer between inhibitory and initiatory
self-control tasks can be classified as meta-cognitive. A smaller degree of dissimilarity
should characterize tasks within the domain of inhibitory control. Previous research
suggests that inhibitory control can be broken down into distinct processes (Friedman &
Miyake, 2004): Prepotent response inhibition, resistance to distractor interference, and
resistance to proactive interference. For the purpose of the current research, we focus on
the first two processes (cf., Gärtner & Strobel, 2021). Friedman and Miyake (2004) identify
the stop-signal task (SST) and the Stroop task (Stroop, 1935) as exemplary tasks requiring
prepotent response inhibition. In constrast, the Eriksen flanker task (Eriksen & Eriksen,
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1974) constitutes an exemplary task requiring resistance to distractor interference.
Taken together, we suggest that such self-control tasks can be categorized and
matched with levels of transferability on the basis of their underlying cognitive functions.
In line with the proposed taxonomy, Table 1 presents an exemplary classification of these
common self-control tasks and their primary underlying functions discussed above.
Accordingly, we chose a visual SST as our baseline task, which functionally involves the
inhibition of a prepotent response. Following this rationale, each transfer level can be
matched with an increasingly dissimilar task. In our case, this includes (1) an auditory
SST, which differs only in terms of response modality (modality transfer), (2) a Stroop
task, which differs only in terms of the task-related operation (near transfer), (3) a flanker
task, which differs both in terms of the task-related operation and the underlying
inhibitory function (far transfer), and (4) an unsolvable anagram task, in which the
contribution of inhibitory processes should be minor relative to initiatory processes that
boost persistence and problem-solving (Allom & Mullan, 2014; Heller et al., 2017).
Of course, our exemplary classification is based on the arbitrary choice to set the
SST as a starting point. That is, one could just as well choose a visual color-word Stroop
task as a baseline and map different tasks to the transfer levels of the taxonomy following
the same principle (e.g., an auditory Stroop task for modality transfer, a visual SST for
near transfer, etc.). Another plausible alteration might be to identify and map tasks in
terms of distinct subfunctions of initiatory (rather than inhibitory) self-control.
Consequently, the proposed taxonomy may be extended to the classification of other
self-control tasks that share varying degrees of cognitive-functional similarity in future
research (see, for example, Eisenberg et al., 2019 for a recent discussion of self-regulatory
tasks). Nevertheless, we present a testable, theory-based classification of self-control tasks
that is both supported by recent findings (e.g., Gärtner & Strobel, 2021) and highly
relevant for the ego depletion literature.
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In light of the enormous variety of self-control tasks that are still being used to
study ego depletion (Lurquin & Miyake, 2017) the implication is that considerable work
remains to be done to assess the similarity relations between these tasks. The goal of the
present research was to obtain initial evidence for the utility of such a similarity taxonomy
by varying the similarity of primary and secondary task in the dual-task paradigm
according to the classification shown in Table 1. Our hypothesis maintained that these
gradations of task similarity determine the direction (facilitation or depletion) and strength
of the effect of initial self-control engagement.
Table 1
Exemplary Taxonomy of Self-Control Tasks in Order of Decreasing Similarity
Transfer level Task Operation Inhibitory function
Baseline Visual SST Inhibit key press after visual stop-signal Prepotent response inhibition
Modality transfer Auditory SST Inhibit key press after auditory stop-signal Prepotent response inhibition
Near transfer Stroop Task Inhibit responding to semantic meaning Prepotent response inhibition
Far transfer Flanker Task Ignore distracting stimuli Resistance to distractor interference
Meta-cognitive transfer Unsolvable Anagrams Persist on difficult/unsolvable task Resistance to impulse to skip
Note: SST = stop-signal task.
Pilot study
We conducted a pilot study to test the feasibility of our approach and obtain
support for our reasoning. An a priori power analysis, hypotheses and planned analyses
were preregistered (https://osf.io/7wuhp/) and closely followed. Minor deviations in
handling response times are reported in the supplemental documents, available with all
materials, data, and analysis scripts at https://osf.io/b9yek/. We report all measures,
manipulations, and exclusions for the study.
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Participants and Design
We recruited students from a Swiss university who received either course credit or
CHF 15 in exchange for their participation. Participants were eligible if they were between
18 and 35 years old as well as fluent in the German language. They were tested in group
sessions with up to four participants per session. All tasks and control measures were
presented on a laptop running the experiment software OpenSesame (version 3.1.6 Jazzy
James, Mathôt et al., 2012). All responses and response times (RT) were logged and
measured with millisecond precision using a labeled button box. After excluding one
participant for not following instructions and one outlier (see below), the final sample
consisted of N = 80 participants (70 women; Mage = 22.6, SDage = 4.0).
Participants were randomly assigned to the cells of a 2 (Type of primary task:
depleting vs. non-depleting) × 4 (Type of secondary task: auditory SST, Stroop task,
flanker task, unsolvable anagrams) between-subjects design. As a primary task,
participants in the experimental conditions completed a visual SST, while participants in
the control conditions completed a simple word categorization task. After completing the
primary task, participants were assigned to one of four secondary tasks that varied in
similarity.
Tasks
Lexical categorization task (non-depleting condition)
In a simple lexical categorization task, participants had to identify words as
substantives or adjectives by pressing a blue (substantive) or red (adjective) button,
respectively (Fig. 1). This task was designed to be cognitively easy and not to require
self-control. Accordingly, participants were instructed to take their time and respond as
accurately as possible. Participants completed 20 practice trials and four sequential test
blocks of 100 randomized trials each, for an average duration of 13.4 minutes (SD = 0.9).











500 ms 500 mskeypress keypress
Figure 1
Time course of the simple categorization task. The substantives and adjectives remained on
screen until individuals pressed a button. Each trial was preceded by a fixation point that was
presented for 500 ms.
Visual SST (depleting condition)
We used a visual SST adapted from Enge et al. (2014), in which participants were
instructed to discriminate between the words “left” and “right” by pressing a blue (“left”)
or red (“right”) button (Fig. 2). However, they were also instructed to inhibit their
response if the word changed its color from black to green (stop signal). In such signal
trials, the stop signal occurred within the first 500 ms of the stimulus presentation. That
is, the stop-signal delay (SSD) varied between 0 ms and a maximum of 500 ms.
Importantly, it was adjusted on a trial-by-trial basis, depending on participants’ individual
performance in order to adjust task difficulty according to the horse race model (Logan &
Cowan, 1984). When participants correctly inhibited their response, the SSD increased by
50 ms in the next signal trial. In contrast, when participants failed to inhibit their response
in a signal trial, the SSD decreased by 50 ms.
In addition, we used a performance-based feedback system inspired by Ridderinkhof
et al. (1999) that was designed to discourage waiting strategies. In fact, some earlier
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studies have found progressive slowing in participants’ response time as a strategy to avoid
mistakes (Matzke et al., 2018). Importantly, such waiting strategies would also affect the
extent of participants’ response conflict and engagement because response inhibition
becomes easier as participants proactively wait for stop signals. Thus, our main reason for
the feedback system was to sustain and maximize participants’ conflict between fast and
accurate responding to increase task engagement (Dang & Hagger, 2019; cf. Wright et al.,
2019). Specifically, after each trial, participants received a feedback in the form of point
scores. The faster participants responded to the stimuli in a go trial relative to their mean
response time, the higher the point score they received (ranging from 2 to 5 points). If the
response time in a go trial exceeded the mean response time, participants received 2 points.
However, when the response time in a go trial remained below the mean response time,
points were awarded as follows: a ratio ranging from 0.9 to 1 between the response time in
a single go trial and the mean response time were awarded 3 points (e.g., a response time
in a single go trial of 660 ms and a mean response time of 700 ms equals a ratio of 0.94). A
ratio between 0.8 and 0.9 led to 4 points and a ratio below 0.8 was awarded the maximum
of 5 points. Following a false response in a go trial, participants received 1 point and 0
points if they did not respond at all. In signal trials, participants received 5 points upon
correctly inhibiting their response and 1 point when they failed to inhibit their response.
Following a 20-trial practice block, participants completed four sequential test blocks
of 100 randomized trials each (25% signal trials), for an average duration of 20.1 minutes
(SD = 0.2). At the end of every block, participants received feedback including their mean
response time on go trials and total point score across all go trials for the respective block.
Auditory SST (modality transfer)
The auditory SST (Fig. 3) was identical to the visual SST with the exception that a
short sound (440 Hz, 100 ms) featured as stop-signal. Moreover, participants did not
receive feedback on their performance. After a 20-trial practice block, participants

















Time course of the visual stop-signal task for a go trial and a signal trial (25% rate). Target
stimuli were presented after a 500 ms fixation point and displayed for a total of 1000 ms.
In signal trials, a stop signal occurred between 0 and 500 ms. The initial stop-signal delay
(SSD) was set to 250 ms and 50 ms were subtracted or added, respectively, according to the
individual’s performance. If participants mistakenly pressed a button during a signal trial,
the SSD decreased by 50 ms. In contrast, the SSD was increased by 50 ms when the response
was correctly inhibited. Note that the grey word (stop signal) was actually shown in green in
the experiment.
completed four sequential test blocks of 100 randomized trials each (25% signal trials), for
an average duration of 12.3 minutes (SD = 0.2). The key measure was the stop-signal
response time (SSRT, Logan & Cowan, 1984), which expresses the speed of the inhibitory
process after the onset of the stop signal. Higher SSRT values reflected lower inhibitory
control and thus lower performance.













Time course of the auditory stop-signal task. The stimuli were displayed for 1000 ms and
preceded by a fixation point that was presented for 500 ms. The initial stop-signal delay and
its respective adjustment to the individual’s performance was identical to the visual stop-
signal task.
Stroop task (near transfer)
We conducted a color-naming Stroop task (Fig. 4) presenting three color names
(“red,” “blue,” and “green”) successively in varying font colors (red, blue, and green).
Participants had to indicate the font color by pressing the appropriate color-coded button.
Half of the trials were congruent (e.g., “red” written in red font color) and the other half
were incongruent (e.g., “green” written in blue font color). Participants completed four
sequential blocks of 96 randomized trials each, preceded by a 24-trial practice block. The
task lasted for an average duration of 9.2 minutes (SD = 1.0). The key measure in this
task was a Stroop interference score, which we calculated on the basis of the D scoring
algorithm (Ebersole et al., 2016), where higher scores reflected lower inhibitory control and
thus lower performance.
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congruent trial (50% rate) incongruent trial (50% rate)
Figure 4
Time course of the Stroop task. The stimuli were pseudo-randomized ensuring that a trial’s
font color never coincided with the previous trial’s font color or word meaning. At the
beginning of every trial a fixation point was presented for 500 ms followed by the stimulus.
Upon a keypress, the trial was completed and the next one began.
Eriksen flanker task (far transfer)
The Eriksen flanker task (Fig. 5) was adapted from Alderman et al. (2015) and
consisted of a centrally positioned letter (target letter) and four flanking letters that either
matched (congruent trial) or deviated (incongruent trial) from the target letter.
Participants were asked to focus on the target letter while ignoring the other flanking
letters and to press the blue button when “S” was the target letter and the red button
when “H” was the target letter. After a 20-trial practice block, participants completed four
sequential test blocks of 100 randomized trials each (25% incongruent trials), for an
average duration of 22.4 minutes (SD = 0.2). Our dependent measure (flanker
interference) reflected the difference between the µ parameters of the ex-Gaussian fitted
response times of (correct) incongruent and congruent trials.












Time course of the Eriksen flanker task. Stimuli were displayed for 100 ms, followed by a
response window of 1500 ms. In order to reduce expectancy effects/anticipatory responses,
we used a random inter-stimulus interval (ISI) of 1100, 1300 or 1500 ms between the fixation
point and the stimuli.
Unsolvable anagrams (meta-cognitive transfer)
In this task, participants were presented with a set of scrambled letters (six
anagrams in total) and instructed to rearrange the letters in order to form meaningful
words. Each anagram was displayed in capital letters in the upper center of the screen, and
responses could be entered in an empty text box displayed below by using the keyboard.
Participants were led to believe that all anagrams were solvable. In reality, only the first
two anagrams were solvable, but not the other four. We asked participants to take their
time to try and solve each anagram. We further told them to leave the box empty and
move on to the next trial only if they were not able to solve the anagram even after
thoughtful consideration. We used existing German anagrams from Topolinski et al. (2016)
that increased in the number of letters. Solvable anagrams included KORDOT
(DOKTOR) and GNUPFIM (IMPFUNG), whereas unsolvable anagrams included
WAGRATU, RERUBEL, NOTLINFU, and FECHLIREN. Prior to the six test anagrams,
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participants completed two solvable practice anagrams. Persistence on the anagram task
served as the key measure of self-control performance, calculated as the overall time spent
on the four unsolvable test anagrams.
Manipulation check measures
After both the primary and the secondary task, participants completed single-item
measures of difficulty (“How difficult did you find the task?”; 1 = very easy, 4 = very
difficult), effort (“How much effort did you put into the task?”; 1 = no effort, 4 = extreme
effort), fatigue (“How tired do you feel after doing the task?”; 1 = not at all tired, 4 =
extremely tired), frustration (“Did you feel frustrated while you were doing the task?”; 1 =
not at all frustrated, 4 = very frustrated), task enjoyment (“How much did you enjoy the
task?”; 1 = not at all, 4 = a lot), and mood (“How do you feel right now?”; 1 = very bad, 4
= very good). In addition, participants reported whether they had experienced mixed
feelings, conflict, and indecision during the task on a scale ranging from 1 (not at all) to 4
(extremely). These three ratings were averaged to form a measure of subjective
ambivalence (α = .80, Priester & Petty, 1996).
Data exclusions
Following our preregistration, we discarded all RTs below 200 ms and, in the case of
the Stroop task, above 5000 ms. For the flanker task, we additionally removed RTs that
were slower or faster than the participant’s mean RT ±3 standard deviations, respectively,
to account for the sensitivity of the ex-Gaussian distribution to outliers (Spieler et al.,
2000). No participant had to be excluded on account of overall error rates in any of the
tasks (all error rates < 22.3%). However, one participant was excluded because the
standardized performance score (see Results) fell outside 1.5 IQR from the lower or upper
quartile of the overall distribution (i.e., Tukey boxplot).
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Results
We first conducted a manipulation check, assessing participants’ responses on our
additional measures after the first task. Summary statistics and results of all two-sided
t-tests are presented in Table 2. Comparing the two conditions, we found no significant
mean difference on mood or task enjoyment, suggesting that any effect would not have
been emotionally driven. In addition, the conditions did not differ on reported fatigue,
possibly because the somewhat boring nature of control conditions may also be fatiguing
due to shifts in participants’ motivational states (e.g., Brewer et al., 2017). However, we
found significant differences on all other measures. That is, directly after the primary task,
participants in the depleting condition reported higher difficulty, effort, frustration, and
ambivalence. These findings were all supported by Bayesian re-analyses (Tab. 2). Thus,
the results show that our manipulation was successful in that the visual SST was generally
perceived as more arduous than the simple word categorization task.
Our hypothesis predicted a crossover interaction between type of primary (T1) and
secondary task (T2) such that facilitation effects would turn into ego depletion effects as
the similarity between T1 and T2 went from highly similar to highly dissimilar. We tested
the predicted interaction pattern by means of a one-degree-of-freedom contrast test
(Abelson & Prentice, 1997), for which the (T1, T2) contrast weights were specified as (2,
-2) for the auditory SST, (1, -1) for the Stroop task, (-1, 1) for the flanker task, and (-2, 2)
for the anagram task. We followed up this contrast with a test of the residual interaction
(Abelson & Prentice, 1997). For the sake of comparability, all performance scores were
z-standardized and, with the exception of persistence on the anagram task, reversed, such
that higher scores would indicate better performance.
A 2 (primary) × 4 (secondary) ANOVA on the z-standardized performance
measures revealed the predicted interaction (Table 3). The a priori contrast was significant,
p = .004, d = 0.61; the residual interaction, however, was not, p = .250. Figure 6 shows the
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Table 2
Summary Statistics, Two-Sided t Tests, and Two-Sided Default JSZ Bayes
factors for All Manipulation Check Measures (Pilot Study)
Condition Mean SD t p BF10
Mood Depleting 3.05 0.50 -0.02 .981 2.30 × 10−1
Non-depleting 3.05 0.46
Task enjoyment Depleting 2.29 0.64 1.62 .109 7.30 × 10−1
Non-depleting 2.05 0.69
Difficulty Depleting 2.49 0.51 7.13 < .001 2.13 × 107
Non-depleting 1.56 0.64
Effort Depleting 2.56 0.55 4.84 < .001 2.73 × 103
Non-depleting 1.92 0.62
Fatigue Depleting 2.20 0.78 0.09 .926 2.30 × 10−1
Non-depleting 2.18 0.72
Frustration Depleting 2.07 0.61 5.13 < .001 6.69 × 103
Non-depleting 1.41 0.55
Ambivalence Depleting 2.04 0.73 5.22 < .001 7.60 × 103
Non-depleting 1.35 0.41
Note. Bayes factors were calculated based on a JZS Cauchy prior for the effect
size (with a scaling parameter of r =
√
2/2 in line with Rouder et al., 2012).
nnon−depleting = 39, ndepleting = 41.
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Table 3
Analysis of Variance with A Priori Contrast (Pilot
Study)
Source SS df MS F p
Task 1 (T1) 0.19 1 0.19 0.22 .639
Task 2 (T2) 0.31 3 0.10 0.12 .945
T1 x T2 8.46 3 2.82 3.38 .023
A priori contrast 6.10 1 6.10 7.56 .004
Residual interaction 2.36 2 1.18 1.42 .250
Error 60.02 72 0.83
Note. SS = Sum of squares; MS = Mean square.
obtained interaction pattern: High similarity between the primary and secondary task led
to a facilitation effect, whereas low similarity resulted in an ego depletion effect. In
Bayesian terms, if we consider the t-value (square root of the F -value of our a priori
contrast) with cell sizes of 41 and 39 participants, we obtain a high and robust Bayes
Factor of 11.37 (with a default JZS Cauchy prior width of r =
√
2/2) indicating strong
evidence for our hypothesis (cf. Jeffreys, 1961).
Our main conclusion does not depend on the exclusion of outliers. That is, after
including one outlier identified in a boxplot, the a priori contrast was still significant,
p = .010, d = 0.53 (although the removal of the outlier decreased the p-value of the residual
interaction so that it would be considered significant according to our preregistered alpha
criterion). Moreover, including the duration of the secondary task as a covariate did not
change our results, ruling out the possibility that our effect may have been confounded
with task duration.















































Beeplot of z-standardized performance scores in the eight groups in the pilot study. Positive
values indicate better performance. Small points represent individual observations, large
points represent group means, and error bars represent 95% confidence intervals. SST =
stop-signal task.
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Discussion
We obtained preliminary evidence for the moderating role of task similarity on the
ego depletion effect. Conceptually replicating the findings of Dewitte et al. (2009), our
results suggest that ego depletion effects may be more likely to occur between dissimilar
rather than similar tasks. Going beyond Dewitte et al. (2009), we used experimental tasks
more typical of the ego depletion literature. Furthermore, our manipulation of task
similarity was based on a fine-grained taxonomy of the executive functions required by
self-control tasks, allowing for a systematic ordering of tasks from most to least similar.
The effect sizes tracked this ordering very well, yielding the predicted crossover interaction
with facilitation effects turning into ego depletion effects as task similarity decreased. Our
close adherence to the preregistered analysis plan should bolster our confidence that our
finding of a crossover interaction is not a false positive. Nevertheless, any single study
obviously cannot do much more than invite replication. Given the encouraging first results
and the high theoretical and practical value of confirming or disconfirming the results with
new data, we proposed the following registered study in an attempt to shed more light on
the true value of our findings.
Registered study
This registered study was a direct replication of the pilot study. All materials, data,
and analysis scripts are available through the same repository (https://osf.io/b9yek/). The
goal was to conduct a high-powered test of the hypothesis that task similarity moderates
the ego depletion effect in a sequential-task paradigm. In other words, we expected an ego
depletion effect to occur between dissimilar tasks (i.e., the visual SST and the anagram
task) and a facilitation effect between similar tasks (i.e., the visual SST and the auditory
SST). In light of the possibility that a positive replication result could emerge due to
unknown characteristics of the original study site, which would have remained constant, we
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recruited participants at two research sites using different experimenters and participant
pools.
Modifications to the pilot study methods
We adhered to the methods presented above with the exception of two important
changes. First, in order to increase comparability between the dependent tasks, we
extended the ex-Gaussian approach used to derive the dependent measure for the flanker
task to the Stroop task. Thus, instead of the D score, we calculated the difference between
the µ parameters of the ex-Gaussian fitted response times of (correct) incongruent and
congruent trials as our main dependent measure for the Stroop task. Applying this change
to the analysis of our pilot data yielded virtually the same results. Second, we sought to
make the duration of the different tasks more similar by shortening the flanker task from
four to two blocks of 100 trials each.
Planned sample size
We conducted a safeguard power analysis (Perugini et al., 2014) to determine the
sample size that affords at least 90% power for detecting the predicted crossover interaction
as defined by the a priori contrast. Safeguard power analysis is a conservative procedure
which does not use the estimate of the population effect size from the pilot study, but the
lower limit of a confidence interval for the contrast effect obtained in the main analysis of
the pilot study (after the exclusion of outliers). We used an 80% confidence interval, which
had a lower limit of dcll = 0.42. In other words, our power analysis rested upon the
assumption that the effect we aimed to detect is not smaller than dcll = 0.42, an assumption
that could be made with a high degree of confidence. This analysis indicated that a total of
N = 298 participants would be required for a 90%-powered one-sided significance test with
an alpha of 1% for the proposed study. Anticipating that some participants might fail to
meet our inclusion criteria, we finally decided to collect a total sample size of N = 310.
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Participants and experimental setting
Between the months of October, 2020 and March, 2021, we recruited a total of
N = 314 students from a Swiss (CH; n = 158) and a German (DE; n = 156) university in
exchange for course credit or a small monetary reward (CHF 15 in CH, EUR 10 in DE).
Participants were tested in group sessions with up to four participants. All tasks and
control measures were presented on a laptop (CH) or desktop computer (DE) running the
experiment software OpenSesame (Mathôt et al., 2012).1 All responses and response times
(RT) were logged and measured with millisecond precision using a labeled button box
(CH) or a keyboard (DE). Following our preregistration, we had to exclude a total of 14
participants who either experienced technical errors (n = 7), did not meet eligibility
criteria (i.e., age > 35; n = 1), exceeded the accepted overall error rate of 40% on any of
the secondary inhibitory control tasks (n = 1), or were identified as outliers with respect to
the primary dependent variable (n = 5), resulting in a final sample of N = 300 participants
(219 women; Mage = 22.7, SDage = 4.0).
Analysis plan
With the exceptions noted above, we followed the same analysis steps and applied
the same exclusion criteria as reported for the pilot study. One issue that was raised in the
review process was the use of a contrast analysis. A possible concern is that this test makes
the strong assumption of linearity. There were indeed no strong theoretical grounds on
which to assume that the effect sizes should change in linear fashion across levels of
similarity. However, it was the simplest pattern to assume and the validity of our focused
comparison does not depend on this assumption. If effect sizes would have changed
non-linearly, we would have detected this visually as well as through the residual
1 The experiment code was rewritten to conform with the then-current version of OpenSesame (3.3.3
Lentiform Loewenfeld, Mathôt et al., 2012), with which the registered experiment was run.
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interaction. Given the greater statistical power of a single-degree-of-freedom test
(compared with an omnibus test), we retained this type of analysis for the registered study.
In order to corroborate our results, however, we extended our analyses to different
outcome measures. Specifically, since we changed our primary dependent measure for the
Stroop task to align with our measure for the flanker task, we report our main analysis for
both the modified and the original set of dependent measures. A detailed description of the
adapted analysis plan can be found in our preregistration at https://osf.io/hzwk4.
Results
Manipulation check
Descriptive and inferential statistics for all manipulation check measures are
presented in Table 4. There were significant differences between experimental conditions on
all measures but fatigue. More specifically, compared to participants in the non-depleting
condition, participants in the depleting condition reported higher difficulty, effort,
frustration, and ambivalence after the first task. Interestingly, participants in the depleting
condition reported worse mood but higher task enjoyment compared to participants in the
non-depleting condition. Again, these findings were all supported by corresponding
Bayesian analyses (Tab. 4). In sum, the results suggest that the manipulation was
successful in that the visual SST was generally perceived as more arduous than the simple
word categorization task.
Confirmatory analysis
A 2 (type of primary task) × 4 (type of secondary task) ANOVA on the
z-standardized performance measures revealed the predicted interaction (Table 5). The a
priori contrast was significant, p < .001, d = 0.43, whereas the residual interaction was not,
p = .907. Figure 7 shows the obtained interaction pattern, suggesting that high similarity
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Table 4
Summary Statistics, Two-Sided t Tests, and Two-Sided Default JSZ Bayes
factors for All Manipulation Check Measures (Registered Study)
Condition Mean SD t p BF10
Mood Depleting 2.93 0.50 -3.11 .002 1.26 × 101
Non-depleting 3.12 0.55
Task enjoyment Depleting 2.37 0.76 6.65 < .001 4.87 × 107
Non-depleting 1.83 0.65
Difficulty Depleting 2.55 0.66 20.40 < .001 7.47 × 1053
Non-depleting 1.24 0.45
Effort Depleting 2.47 0.55 11.48 < .001 1.46 × 1022
Non-depleting 1.77 0.51
Fatigue Depleting 2.08 0.66 1.69 .093 4.90 × 10−1
Non-depleting 1.96 0.62
Frustration Depleting 2.14 0.59 10.18 < .001 8.02 × 1017
Non-depleting 1.44 0.59
Ambivalence Depleting 2.12 0.58 11.86 < .001 1.70 × 1023
Non-depleting 1.42 0.45
Note. Bayes factors were calculated based on a JZS Cauchy prior for the effect
size (with a scaling parameter of r =
√
2/2 in line with Rouder et al., 2012).
nnon−depleting = 145, ndepleting = 155.
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Table 5
Analysis of Variance with A Priori Contrast (Registered
Study)
Source SS df MS F p
Task 1 (T1) 7.29 1 7.29 9.50 .002
Task 2 (T2) 0.68 3 0.23 0.30 .829
T1 x T2 11.17 3 3.72 4.85 .003
A priori contrast 11.02 1 11.02 14.12 < .001
Residual interaction 0.15 2 0.07 0.10 .907
Error 224.11 292 0.77
Note. SS = Sum of squares; MS = Mean square.
between the primary and secondary task led to facilitation effects, whereas the lowest level
of similarity reflected a reversed, potential ego depletion effect. Moreover, a Bayesian t test
of our a priori contrast and cell sizes of 155 and 145 participants revealed a Bayes factor of
191.63 (based on a one-sided JZS Cauchy prior with a scaling parameter of r =
√
2/2),
indicating decisive evidence in favor of our hypothesis (cf. Jeffreys, 1961).
Exploratory analyses
We conducted a number of robustness checks to further corroborate our findings
(see supplementary analyses at https://osf.io/y37xv/, for more detailed results). First, the
exclusion of outliers did not affect our results. In fact, after including the five outliers, the
effect size of the a priori contrast increased, p < .001, d = 0.45, whereas the residual
interaction remained non-significant, p = .792. Second, including duration of the secondary
task as a covariate did not change our results, ruling out the possibility that our effect may
have been confounded with task duration. Third, using the D score for the Stroop task as















































Beeplot of z-standardized performance scores in the eight groups in the registered study.
Positive values indicate better performance. Small points represent individual observations,
large points represent group means, and error bars represent 95% confidence intervals. SST
= stop-signal task.
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in the pilot study revealed virtually the same pattern of results. Fourth, we noticed that
some participants had high error rates in the word categorization task and/or adopted
all-or-nothing response strategies in the two SSTs (i.e., responding to all or none of the
stop signals), indicating potential problems regarding their involvement or compliance with
task instructions. As an exploratory analysis, we excluded participants who (1) exhibited
overall error rates above 10% in the word categorization task (n = 4) or (2) responded to
each or none of the stop signals in at least two experimental blocks of the visual (n = 10)
or auditory SST (n = 0). This did not materially affect our results.
Finally, post-hoc pairwise comparisons indicated that, on the auditory SST,
standardized performance was significantly higher for participants in the depleting
condition (M = 0.41, SD = 0.83) than for participants in the non-depleting condition
(M = −0.41, SD = 0.88), t(292) = 4.02, p < .001, confirming the presence of a facilitation
effect. The same was true for the Stroop task, with standardized performance scores being
significantly higher for participants in the depleting condition (M = 0.33, SD = 0.79) as
compared to participants in the non-depleting condition (M = −0.15, SD = 0.75),
t(292) = 2.42, p = .016. Comparisons were non-significant for the flanker task, p = .320,
and the unsolvable anagram task, p = .230. In addition, corresponding Bayesian two-sided
t tests (with a Cauchy prior width of r =
√
(2)/2) indicated decisive evidence for the
hypothesis that participants in the depleting condition performed better on the auditory
SST than participants in the non-depleting condition, BF10 = 221.12, as well as substantial
evidence for the hypothesis that participants in the depleting condition performed better
on the Stroop task than participants in the non-depleting condition, BF10 = 5.71. In
contrast, for both the flanker task and unsolvable anagrams, the Bayes factors, BF10 = 0.35
and BF10 = 0.42, respectively, indicated only weak evidence in favor of the null hypothesis
that posited no mean difference between the two conditions.
EGO DEPLETION AND TASK SIMILARITY 32
Discussion
The results of this registered study confirmed the findings from the pilot study in
providing more compelling evidence of a moderating role of task similarity for the ego
depletion effect. This was again reflected in a crossover interaction that emerged between
primary and secondary tasks, with facilitation effects tending to reverse into an ego
depletion effect as task similarity decreased. With regard to our taxonomy, follow-up tests
further corroborated the presence of facilitation effects both between highly similar
modality-transfer tasks (differing in the kind of stimuli) and—to a lesser extent—between
moderately similar near-transfer tasks (differing in the kind of task domain/function).
However, we did no find conclusive evidence of an ego depletion effect, even in the context
of highly dissimilar tasks that required a meta-cognitive transfer from one task context to
another.
General discussion
Much research has been devoted to understanding how self-control performance
depends on the prior execution of self-control. While the ego depletion hypothesis predicts
a negative effect, a number of studies have brought forth arguments and preliminary
evidence for a positive, facilitating effect, suggesting that under certain circumstances
self-control performance may improve (rather than deteriorate) from one task to another
(e.g., Dang et al., 2014; Dewitte et al., 2009; Xiao et al., 2014).
The present research suggests that whether the effect is positive or negative may
depend on the cognitive processes involved in consecutive self-control tasks. Based on
theoretical accounts of executive functions involved in self-control, we presented a
taxonomy of inhibitory self-control tasks that infers task similarity from the level of
transferability of executive functions between the tasks. Accordingly, we hypothesized that
task similarity should moderate the ego depletion effect, such that facilitation effects would
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be more likely to emerge between similar tasks, whereas ego depletion effects would be
more likely to emerge between dissimilar tasks.
Replicating results from a pilot study, a high-powered registered study provides
strong and robust evidence for the hypothesized moderation effect of task-similarity.
Specifically, our results revealed pronounced facilitation effects for similar tasks, such that
participants who engaged in two highly similar cognitive inhibition tasks showed
significantly better performance in the second task compared to participants who first
engaged in a cognitively undemanding and unrelated task. Importantly, these facilitation
effects declined with decreasing task similarity, reversing in direction at the highest level of
dissimilarity (though not significantly so).
The results lend support to the idea that the paradigm used to study ego depletion
can actually produce facilitation effects, as opposed to ego depletion effects, under
conditions that allow people to adjust to task demands (Dang et al., 2013; Dewitte et al.,
2009). Our research goes beyond previous findings by elaborating on the role of task
similarity as a determining factor in the context of self-regulatory after-effects. In other
words, whether adapting to specific task demands in a previous task ultimately enhances
people’s self-control performance in a subsequent task should depend on the extent to
which the two tasks overlap in terms of the underlying psychological processes.
Attending to the cognitive processes underlying self-regulatory behavior allows for
the development of fine-grained task taxonomies, along which self-control tasks can be
categorized, compared, and selected. Our present work provides compelling empirical
support for a first attempt at organizing commonly used cognitive inhibition tasks and
illustrates how this taxonomy may be used to ascertain task similarity. Adapting and
extending this taxonomy to different underlying processes and associated tasks could
considerably advance future research by enabling more principled task selection and
effective experimental designs.
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Although the size of facilitation effects decreased with decreasing task similarity, we
did not obtain significant ego depletion effects for dissimilar tasks. One explanation may be
drawn from recently accumulating evidence that casts doubt on the existence (Evan C.
Carter et al., 2015; Evan C. Carter & McCullough, 2014; Etherton et al., 2018; Hagger et
al., 2016; Vohs et al., 2021) or, at least, the size of the effect (Dang et al., 2021; Dang,
2018; Francis et al., 2018; Garrison et al., 2019; Lin et al., 2020). According to this
interpretation, our results may either provide additional evidential support against the
existence of ego depletion or, assuming that the effect is real but small, our design might
have lacked sufficient power to detect it within a single experimental condition. If we
assume that the processes leading to facilitation and depletion effects are likely to co-occur,
with their relative strength depending on task similarity, then it makes sense to expect
depletion effects that are close to zero when tasks are relatively similar. This raises the
possibility that there might be even more dissimilar tasks than SST and unsolvable
anagrams, which would produce more reliable ego depletion effects.
Our research strongly suggests that ego depletion effects are not unitary and will
vary from task to task. Perhaps the lack of support for the ego depletion hypothesis is due
to the specific tasks we used (or their unique combination). Indeed, a recent reanalysis of
the large Many Labs 3 data set (Vadillo et al., 2018) found no indication of an ego
depletion effect in terms of persistence on an (impossible) anagram task after engaging in a
Stroop task. In comparison, it is worth noting, that the considered paradigm involved a
much shorter Stroop task of 63 trials (vs. 400 SST trials in the present study) as depleting
task and only one, time-limited anagram (vs. four self-paced anagrams in the present
study) as dependent task. More importantly, though, a meta-analytic reassessment
(including several comparable studies) by the same authors raised further doubt on the
ability of unsolvable anagrams to measure depletion effects. Future work with dissimilar
self-control tasks should therefore consider alternatives to unsolvable anagrams that are
more reliable in capturing self-control performance.
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To conclude, the present research suggests that it may be fruitful to further
entertain the idea that self-control performance may not only decrease but also increase as
a result of prior exercise of self-control. We proposed a simple theoretical framework for
the development of task taxonomies that takes into account process-level executive
functions involved in self-control. It is our hope that a better understanding of task
similarity may allow for better experimental designs and more rigorous tests of self-control
performance in consecutive tasks.
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